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Abstract 
Zoapantanol (1) is one of a series of oxepanes isolated from the leaves of 
Mexican zoapatle plant, Montanoa tomentosa. Recent studies suggested that 
zoapatanol might have potential use as an antifertility agent. This research program is 
concerned with the synthetic studies of 1 from the low cost, commerially available D-
glucose. The key reaction of our synthesis involves the construction of the 7-
membered ring (i.e. oxepane) of 1 via Suzuki's palladium catalysed coupling 
reaction, free radical cyclization or carbanion cyclization with the specific substituent. 
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Abbreviation 
Ac acetyl LAH Hthium aluminum hydride 
Aff iN 2,2-azobisisobutytonitrile m multiplet (spectral), miUi 
Bn benzyl Me methyl 
Bz benzoyl min minute(s) 
n -Bu n -butyl MHz megahertz 
t -Bu t ert -butyl Ms methanesulfonyl (mesyl) 
°C degrees Celsius m/z mass to charge ratio 
calcd calculated NMR nuclear magnetic resonance 
d day(s); doublet (spectral) PDC pyridiaium dichromate 
DBU l,8-diazabicyclo[5.4.0] undec-7-ene Ph phenyl 
DBAL-H diisopropylaluminium hydride ppm parts per miUion (in NMR) 
DMAP 4-(dimethylamino)pyridine i -Pr isopropyl 
DMF MA^-dimethyl formamide q quartet (spectral) 
DMS dimethyl suLfide R/ retention factor 
EI electron impact rt room temperature 
Et ethyl s singlet (spectral) 
FAB fast atom bombardment t triplet (spectral) 
FT Fourier transformamide TBAF tetrabutylammonium flouride 
g garm(s) TBDMSC1 tert -butyldimethylsilyl chloride 
h hour(s) THF tetrahydrofuran 
HRMS high-resolution mass spectrum TLC thin layer chromatography 
Hz hertz TMS tetramethylsilane 
JR infrared Ts p -toluenyl souLfonyl 
J coupling constant (in NMR) 
L Htre(s) 
iv 
Part 1 Introduct ion 
1 .1 General Background 
For the past four centuries, a tea prepared from Mexican zoapatle plant 
Montanoa Tomentosa i-3 has been used by Mexican to induce menses and labour, and 
to terminate early pregnancy> More recently, oxepane diterpenoids zoapatanol (1)， 
montanol (2)，tomentanol (3)，and tomentol (4) have been isolated from the leaves of 
the plant and their biologically activities evaluated. In fact, leaves of the plant are still 
popular today in most of the markets in Mexico City^ 
Being less active than prostagladin endoperoxide (PGH2) analogs, zoapatanol 
exhibits similar bioactivities to those of prostaglandins：^ it terminates pregnancy in 
guinea pigs, and shows a strong effect on isolated coronary artery and guinea pig 
ileum.i Meanwhile, k has no effect on rabbit uterus or human platelets which is 
common among prostaglandins. This suggests that zoapatanol may avoid the 
unpleasant side effect associated with the use of prostaglandins F2a and E2. The result 
appears to come from the fact that zoapatanol is functioning at a different receptor on 
the tissue because the effects of the prostaglandins are antagonised by pinane 
thromboxane A2, while constriction induced by zoapatanol is only partially inhibited by 
30% by thromboxane. 
1 R = H,R' = (CH3)2d:CHCH2 
JDH 0 
f " ^ ' ^ X 2 R 二 H, R' 二 (CH3)2CH(CH3)C=CH 
R O ' ^ ^ " ' ' ^ ^ 0 ^ I 3 R = H’ R' 二 H2C=C(CH3)CH(CH3)CH2 
4 R = Ac, R' 二 (CH3)2C(OH)Ch&CH 
1 
In 1979，Levine2 and his coworkers reported the isolation and structural 
elucidation of the major component, zoapatanol (1). The structure of 1 was confirmed 
by an X-ray analysis of a 3,8-dioxabicyclo [3.2.1] octane derivative.^ Retrosynthesis 
of zoapatanol would lead to a seven membered heterocyclic oxepane ring and a 
monoterpenoid appendix. There are only two stereogenic centres at C-2 and C-3 with 
an exocyclic E-double bond. 
Due to the potential use of this new class of compound in human contraception 
and the novelity of its unique molecular structure prompted interests in the synthesis of 
zoapatanol.i 
1.2 Review on the Published Syntheses of Zoapatanol 
To date, six syntheses have been disclosed4-9 together with preparation of a 
number of analogues. The synthesis from Nicolaou etal. (16 steps, 12% overall 
yield)6 and from Cookson et al. (17 stepes, 5% overall yield)5 are the most efficent. 
The key step of these appproaches is oxygen-carbon bond formation, leading to 0-
heterocyclic ring and many syntheses5-9 constructed the oxepane system in 1 by ring 
opening of an epoxide with an oxygen nucleophile under either basic or acidic 
conditions. Most of synthetic materials obtained were racemates and the first total 
synthesis of optically active zoapatanol 1 has only been recently reported.^ Methods 
for the construction of the oxepane, devised by other authors, wiU be highlighted. 
The asymmetric approach towards zoapatanol (1) designed by Trost is chosen 
to be described below. This is the first asymmetric total synthesis^ of 1. The 
synthesis started from methallyl alcohol 5 as shown in Scheme 1. A _ a t i o n of the 
dianion of methallyl alcohol 5, then oxidation in the presence of 4 mol% SeO2 gave 
allylic alcohol 6. The asymmetric synthesis of the oxepane core depends on Sharpless 
2 
epoxidationio of the allylic alcohol 6. Use of L-(+)-diethyl tartrate (DET) as a chiral 
ligand at -40。C for 12 - 24 h gave epoxide 7 in 90% yield with > 95% ee. 
" S ^ O H . / “ V ^ O M O M ^ " a, b 
^ H 0 ^ ^ 
5 6 
c 
AcO,, y ~ Y ^ O M O M d, e y ~ ^ ^ ^ O M O M 
4 、 ^ r ^ 
8 OH 7 
f 
A c O , , . X - N y / V ^ P h，i ^ A c O , , . X - - N ^ ^ 
^ : ; : ^ ^ \ / ^ \ ^ , ,OH <^:^X<x^"^-s^OH 
9 10 
~ a, R = MOM 
q 
^ 一 b, R = H 
Scheme 1. Reagents and conditions: a) 2.2 equiv n-C4H 9 L i , 
tetramethylehtylenediamine (TMEDA), ether, (CH3)2C==CHCH2Br, then 
methoxymethylchloride (M0M-C1), (i-C3H7)2NC2H5, DCM, 92%; b) 4 mol% SeO2, 
f-C4H9OOH, 10 mol% salicyclic acid, DCM, rt, 53%; c) t -C4H9OOH, 6 mol% L-(+)-
DET, 5 mol% Ti(OC3H7-i)4, 4A molecular sieve, DCM, -40。C，90%; d) HOAc, 
Ti(OC3H7-i)4, DCM,-10 °C，then TsCl, DMAP, DCM, 0 T，95%; e) Amberlite [JRA-
400] (OH) resin, THF, 78%; f) H2C=CHCH2CH2MgBr, CuI, THF, -40 °C, 91%, g) 
6 N HC1, MeOH, 50 T，62%; h) Dess-Martin periodinane, DCM, 0 °C，84%; i ) 
(CH3)3S+ -O3SCH3, NaOH, H2O, DCM, rt, 85%. 
Regioselective opening of the epoxide 7 was prompted by titanium with acetate 
as nucleophile, the two key stereocenters of the subsequent oxepane was then set in 
(25,35) configurations. The diol was converted into the epoxide 8. The cuprate from 
3 
3-butenylmagnesium bromide reacted with epoxide 8 gave tertiary alcohol 9. The 
corresponding diol of 9，obtained by acid hydrolysis, underwent a conversion to the 
epoxide 10. 
A 1.4 : 1 mixture of triphenylsilanol and epoxide 10 with 2.5 mol% of 
[(dba)3Pd2)]*CHCl3 in THF at ambient temperature in Scheme 2 gave allylic alcohol 
11. Acetylation of the allylic hydroxyl group in 11，followed by desilylation gave 12. 
The new allylic hydroxyl group of compound 12 was converted into the triflate, which 
spontaneously cyclized to 13. 
z〇\ r - OH 
A c O , , X - - - ^ y ^ a A c O , , . ^ / ^ ^ y ^ 




/ -OAc . _ y-OAc 
A c O . . , / ^ - y J ^ c A c O , , . ^ ^ - s ^ 
^ ^ J ^ ^ ^ ^ ^ ^ 0 ) “ < ^ ^ ^ ^ ^ ^ O H ^ o H 
13 12 
Scheme 2. Reagents and conditions: a) 2.5% [(dba)3Pd2]*CHCl3, 25 mol% (i-
C3H7O)3P, Ph3SiOH, THF, rt, 67%; b) AcO2, DMAP, DCM, rt then CH3CN, H2O, 
KF, 70。C，79%; c) (CF3SO2)2O, 2,6-lutidine, DCM, 74%. 
After the establishment of the core unit in correct configuration, then the side 
chain was required for the elaboration of the final natural product. 
4 
A c O / . y “ ^ \ ^ a 〇 ^ ^ " ' / “ V = ^ 
.^^^^^--J^o^ “ ^ A s x ^ ^ \ ^ 。 " 
13 14 
b ~ a, R = Ac 
L ^ b，R = H 
e L ^ c, R = TBS 
d 
^ O T B S y-OTBS 
T B S O / . y “ N ^ , f T B S O / . . . / “ \ ^ 
>^ /^>/^Y^^"^^" "^^^"^0 X"^^^^^ " " " ^^^0" 
C “16 ' l 5 
~ a, X = OSO2CF3 
g e L ^ b , X = Sn(CH3)3 
^OTBS 
R O o . . / “ \ ^ 
^<^^^"^:^/""Y"^^^^^^">^^o; 
0 = 17 
~ 1 7 , F U T B S 
h L 1.R = H 
Scheme 3. Reagents and conditions: a) LiCl, PdCl2, CuCl, DMF, H2O, O2, rt, 90%; 
b) K2CO3, MeOH, H2O, 93%; c) ^rr-Butyldimethylsilyl chloride, imidazole, DMF, 55 
°C，85%; d) Potassium bis(trimethylsilyl) amide, 2-N(SO2CF3)2-5-ClC5H3N), THF, 
-78 °C，82%; e) [(CH3)3Sn]2, 3% [(Ph3P)4Pd], LiCl, THF, 60 °C，82%; f) 
(CH3)2=CHCH2Cl, 34 atm CO, 10% [(dba)3Pd2].CHCl3, 20 mol% Ph3P, 3 A 
molecular sieve, PhH, 60 T，76%; g) [Ph3PCuH]6, H2O, PhH, 94%; h) HF, H2O, 
CH3CN, rt, 90%. 
As outlined in Scheme 3, the methyl ketone 14 was obtained by Wacker 
oxidation of 13. After transformation of protecting group from acetyl to tert-
butyldimethylsilyl, the ketone reacted with 2-bis(trifluorosulfonyl) amino-5-
5 
chloropyridine gave vinyl triflate 15a，then it was substituted by hexamethyltin to give 
vinylstannane 15b. Prenyl halide chloride underwent carbonylation aLkylation of the 
vinylstannane 15b gave the bis(silyl ether) of (+)-dehydrozoapatanol 16. a,P_ 
unsaturated ketone 16 underwent chemoselective conjugate reduction with the Stryker 
reagent gave 17. Lastly, the hydroxyl groups of 17 were regenerated by treatment 
with hydrofluoric acid in acetonitrile to give 1 which was thus synthesized in 20 steps 
with an overall yield 1.6%. 
Other approaches for the construction of the desired oxepane mainly 
concentrated on acid catalyzed cyclisation of an epoxy diol and are listed under the 
foUowing researchers: 
(i) Cookson synthesis^ 
OBn OH 
L o 





OBn H O , , , . ^ ^ ^ ^ ^ O H + oBn | ^ y 
V ^ ^ ^ 。 > ^ V " ^ o < ^ o J 
、 、 0 / OH 
19 � 1 20 8 : 1 
The construction of oxepane ring 19 of this approach was achieved by acid 
catalyzed cyclisation of an epoxy diol 18 with stannic chloride, leading to an 8 : 1 
mixture of the desired oxepane derivative and the corresponding tetrahydropyran 
derivative 20. 
6 
(ii) Nicolaou synthesis^ 
O ^ P h O ^ P h 
0 ! l ( ^ " " ^ f ^ 0 H KCH2SOCH3 (4 equiv) 0 _ . ^ ^ ^ " " ^ ^ ^ O H 
^ i O H 75% / 〇 
21 22 
+ 
small amount of its 
6-membered ring isomer 
The construction of oxepane ring 22 was performed by an internal epoxide-
opening reaction with a high degree of regioselectivity. The epoxide 21 was exposed 
to KCH2SOCH3 (4 equiv) in Me2SO at 25 °C for 4 h to give the desired oxepane 
system accompanied by smaU amounts of its 6-membered ring isomer. 
(iii) Kocienski synthesis? 
<; j^^\^^^^\ /^^<3^^^\x"^ ^ 4 • ^Y""^""^^^^^^^^^^^^"^ 
23 OH ^ '。 24 
The oxepane ring 24 was obtained by cyclisation of the epoxy diols 23 on 
treatment with SnCU in THF at -20 °C to 20。C. 
7 
(iv) Kane synthesis^ 
OBn 
" Y ^ ^ ^ " ' " V S MCPBA. NaOAc, DCM I ^ " ^ " f ^ 
THPo^ 0 ^ ； ^ ^ r ^ " M ^ o ^ o 
OTHP 
28 29 
OTHP H a , , , ^ / ^ " \ ^ / ^ O H ^ B n O . . . y ^ " A o 
X ^ ^ V ^ o ^ ^ ^ J ^ ^ ^ o , 
31 _ P 30 
9 HO, , , .^^""Y=^OH 
X ^ ^ V ^ o , 
(±) 1 
Ketone 28 underwent Baeyer-Villiger oxidation to the desired lactone 29. A 
key step of this synthesis involved the conversion of lactone 29 to the P-keto ether 30. 
After several steps, the P-keto ether 30 was converted into the allyl alcohol 31. The 
diol of 31 was diacetylated. After removal of the THP protecting group, the alcohol 
was then oxidized with Collins reagentn to give the ketone. Treatment of the ketone 
with tetrabutylammonium hydroxide resulted in complete saponification of the acetate 
groups to give (±) zoapatanol 1. 8 
(v) Chen synthesis^ 
OH 
c 
T H P O ^ ^ X . . ^ - x . / ^ > / ^ . ^ ^ O H 
25 
a) Trifluoroacetic acid (0.1 equiv) 
b) pyridine, acetic anhydride 
OAc 
A c o , , / " " ^ ^ ^ ^ o A c r""Y^"^ 
T H P O ^ C ^ J + T H P O ^ J s ^ ^ / ^ ^ ^ O � 
、、、* 0 产OH 
26 27 
30% 17% 
The epoxide 25 was cyclised with trifluoroacetic acid (0.1 equiv) in DCM at 0 
°C for 30 min followed by treatment with pyridine and acetic anhydride to give the 
desired oxepane 26 and the pyran derivative 27. 
Besides, there were two other synthetic approaches for the construction of the 
desired oxepane. They are listed below: 
9 
(vi) Pain synthesis 12 
0 。 n . 贫 〇 ^ ^ 
M e O ^ ^ Y ^ ^ o J ^ M e O ^ Y " ^ ^ 0 ^ 
32 33 
COpMe 
。 o ^ ^ ^ " W 
M e O ^ Y ^ ^ o / 
34 
Ring-enlargement of 32 gave bromo-enone 33 with an overaU yield of 65%. 
After 5 steps, an equimolar mixture of olefinic isomers 34 was obtained. 
(vii) Shing synthesis^^ 
H〇HN\ 
~ " ^ 。 〉 " 〇 10% aq. NaOCI，DCM, cat. Et3N o ' ^ V ^ " ^ ^ ^ Z 7 " ^ 
_ ^ 、 、 . •'入 ^ 1 。 八 。 " " 。 < 
35 36 
M e 0 2 C ^ ^ = O ^ V 
37 
10 
The optically active oxepane 36 was achieved by an intramolecular nitrile oxide 
cycloaddition of 35 with 61% yield. The N - 0 bond of a 7-membered bicyclo-
isoxazoline 36 was cleaved to give an a,P-unsaturated keto-ester 37. 
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Part 2 Results and Discussion 
2 . 1 Synthetic Strategy 
This section describes the synthetic studies of the precursor 39 and 40 for 
cyclization. In this project, we only concentrated on the studies of the formation of the 
heterocyclic seven membered ring with the desired substitution pattern. 
By examining the structure of 1，the stereochemistries of the chiral centres and 
the allyl alcohol moiety have to be controlled, i.e. the methyl group and the 
monoterpene appendix on C-2, the hydroxyl group on C-3, and the allyl alcohol on C-
6. 
H o ^ ^ ^ ^ ^ = ^ C J c ^ ^ ^ " r ^ " ^ 
1 
Retrosynthetically, 1 might be obtained from oxepane 38 by addition of the side chain. 
The oxepane 38 may be formed from the tertiary alcohol 39 by acid catalyst cycHzation 
or the aUcene 40 using Suzuki's palladium catalysed coupling. The tertiary alcohol 39 
may be obtained from the reaction of tertiary alcohol 46 and 55-Z via Suzuki's 
coupling. On the other hand, aUcylation of the tertiary alcohol 46 with the vinyl 
bromide 55-Z may afford the aDcene 40. 
12 
HO^^X^^=^(|^ ^^^^ j^^ ^^^^^^"^"^""^"Y"^*"^^" ,^ 
0 1 
\ f V 
H 0 
B n 。 ^ ^ C t o r 
38 
\y 
CO2Et u u ^ 
丄 y 从 y ^ o 
^ r ^ . . ‘ " V o r ^ . . " I V 
BnO^ HO^^“^丨、。八 B ^ o ^ ' 、 八 
39 BnO^“^ 40 
\ / 
V 
^ / 0 B n O 、 Br 
^ n O . . . " V + ^ 
Hcr 、。八 c02Et 
46 55-Z 
13 
2 . 1 . 1 Synthesis of Tert iary Alcohol 46 
The synthesis of the tertiary alcohol 46^3 is known and is shown in Scheme 
4. 
V ^ 0 V ^ 0 
H O H . C . O OH 0 ^ 0 0 ^ % _ _ 0 
H o V - 丄 ^ . ^ — l P ' 0 ^ 
OH " u 
D-glucose (41) 42 43 
c 
y o HO、？Hy 0 9 H o 
^ ; v ^ 乂 : < 丄 々 ; 3 ^ 
HO、 0 ^ HO 0 \ HO 0 \ 
46 45 44 
Scheme 4. Reagents and conditions: a) H2SO4, acetone, 60%; b) PDC, 4A molecular 
sieves, acetic acid, DCM, 97%; c) MeMgBr, THF, 96%; d) 80% aq. acetic acid, 85%; 
e) imidazole, triphenylphosphine, iodine, toluene, 72%. 
D-Glucose was converted into l,2:5,6-di-0-isopropylidene-D-glucofuranose 
(42) with 60 % yield using anhydrous acetone and concentrated sulfuric acid, reaction 
being completed in 5 hours.i4 This reaction could also be done by using iodine but the 
reaction required a longer period of time.i5 The secondary alcohol of 42 was oxidized 
by PDC to give keto-hydrate43.i6, n The methyl group was introduced to the ketone 
43 by addition of an excess of the Gridnard reagent (3 equiv) to give tertiary alcohol 
44.18 Only one stereoisomer was isolated after the reaction. This was attributed to the 
fact that the concave-shaped isopropylidene at the 1,2-position would prevent the 
Grignard reagent from attacking the a-side of the carbonyl group. Consequently, the 
14 
methyl group was added to the ketone at the P-face. The terminal isopropylidene in the 
tertiary alcohol 44 was then selectively removed in 80% aqueous acetic acid to give 
triol 45.16 The triol 45 was then converted into the aUcene 46 by the method published 
by Garegg.i9 
2 .1 .2 Synthesis of Vinyl Bromide 55-Z 
In order to prepare the desired vinyl bromide 55-Z, it was first necessary to 
prepare an aldehyde 50^0 and bromophosphorane 54^1 via the Wittig r e a c t i o n . 2 2 
B n O ^ Br ^ x ^ \ ^ 0 0 
\ = J > BnO 丫 + Ph3P=C - 6 - O E t 
\ H Br 
CO2Et 
55-Z 50 54 
Scheme 5 
The dibenzyl ethyl 4823 was initially prepared from the protection of cis-2-
butene-l,4-diol (47) by treatment with benzyl bromide, sodium hydride and a catalytic 
amount of tetrabutylammonium iodide (Scheme 6). Alkene 48 was cis-
dihydroxylated by NaIO4 and RuCl3 in the EtOAc/CH3CN/H2O solvent system to give 
the diol 49.24 The diol 49 underwent oxidative cleavage with NaIO4 to give the 
aldehyde 50^^ which was rather unstable and was used immediately for the next 
reaction without purification. 
15 
H 0 \ y O H a B n O ^ yrOBn 
cw-2-butene-1,4-diol (47) 48 
b 
0 B n O 、 y rOBn 
BnCr^""^^ ^ H'^ ( ' H 
H HO OH 
50 49 
Scheme 6. Reagents and coditions: a) NaH, BnBr, THF, 90%; b) NaIO4, RuCl3, 
EtOAc/CH3CN/H2O, 84%; c) NaIO4, 78%. 
The corresponding bromophosphorane 54^i (Scheme 7) was prepared from 
bromination of the phosphorane 5325 which was prepared from the reaction of the 
triphenylphosphine and ethyl bromoacetate following the literature procedures. 
0 a 9 
Ph3P + Br-CH2 - i i -OEt 一 Ph3P=9 - C — O E t 
H 






Scheme 7. Reagents and conditions: a) Benzene, NaOH;^tOH, 68%; b) Br2/CCl4, 
-78 °C，NaOH, 91%. 
16 
In the Wittig reaction, the aldehyde 50 was treated with the phosphrane 54 in 
DCM at room temperature, giving a pair of isomers 55-Z and 55-E (Scheme 8) in a 
ratio of 22:1 with a combined overall yield of 93% (from 50). 
^ ^ ^ \ ^ 0 9 a B n O ^ Br 
B n 0 7 + P h 3 P = c 4 - o E t ^ - A = y 
Br W t 
50 54 55-Z 
cis/trans 22:1 + 
Br 
B n O ^ ~ ^ C O 2 E t 
55'E 
Scheme 8. Reagents and condition: a) DCM, rt, 12h, 93% 
The two isomers 55-Z and 55-E could be readily separated by flash 
chromatography as colorless oils. The geometry of the double bond could be easily 
identified by comparing of the chemical shift between the two vinylic protons in their 
lR NMR spectra. The aUcene with higher chemical shift of 7.48 ppm was assigned to 
the Z-aBcene and that with the low 6.90 ppm to the £"-aUcene. The presence of the 
enonate moiety in 55-Z was indicated by the resonance of the ethyl ester at 1.33，4.27 
ppm and the vinylic proton at 7.48 ppm in the l H NMR spectrum of 55-Z. The 
enonate function in 55-E was indicated by the presence of resonances of the ethyl ester 
at 1.32，4.24 ppm and the vinylic proton at 6.90 ppm in the ^H NMR spectrum of 55-
E. Absorption at 1731 cm_l in the IR spectrum of the isomeric isomers also indicated 
the presence of the unsaturated ester carbonyL The identity of the two enoate esters 
55-Z and -E was further corroborated by their correct elemental analysis. 
17 
2.1 .3 Synthetic studies on 39 
The key reaction of this synthesis is the Suzuki's palladium catalyst coupling 
reaction26-37 of 46 and 55-Z. In order to achieve the cyclization precursor 39， 
different combinations of the Pd catalysts, bases and solvents under different reaction 
conditions were tested. Unfortunately, there was no observable reaction (Scheme 9). 
The starting material vinyl bromide 55-Z and the hydroboration product 65 after 
treatment with NaOH and H2O2，were recovered. 
b 0 y 0 
< ^ ^ ^ ^ ^ y - ' O (1) 9-BBN, 70 °C, 1 4 h ^ H 0 ^ / " ^ ) ••〇 
Htf " ' o A T 印 8 门 0 、 — 8 「 HO* " ' 0 ^ 
46 ^ p o R 65 
55-Z ^ 





Entry Pd catalyst base solvent temperature reaction time 
1 Pd(PPh3)4 K2CO3 dioxane reflux 14 h 
2 Pd(PPh3)4 K3PO4 dioxane reflux 14 h 
3 Pd(PPh3)4 K2CO3 DMF reflux 14 h 
4 Pd(PPh3)4 K3PO4 DMF reflux 14 h 
5 PdCl2(PPh3)2 K2CO3 dioxane reflux 14 h 
6 PdCl2(PPh3)2 K3PO4 DMF reflux 14 h 
7 PdCl2(PPh3)2 K2CO3 CH3CN reflux 14 h 
8 PdCl2(dppf)2^^ K3PO4 dioxane reflux 14 h 
9 PdCl2(dppf)2 K2CO3 DMF reflux 14 h 
10 PdCl2(dppf)2 K3PO4 CH3CN reflux 14h 
Table 1 
18 
As we know, palladium-catalysed cross-coupling reactions of organometallics 
involve (a) oxidatve addition, (b) transmetalation and (c) reductive elimination (eq x). 
Owing to the presence of the side-product alcohol 65，we can assume that the boryl 
sugar cannot go through the first oxidative addition or other processes in the catalytic 
cycle. 
R' / R' 
I R ^ I 
R'X + Pd(0) ^ Pfi ^ Pf« — ~ ^ R - R ' (1) 
(a) (b) (c) 
X R 
R = aBcyl, 1-aUcenyl, aryl 
X 二 I，Br 
2.1.4 Synthetic studies on 40 
Because of the problems encountered in coupling between the aU e^ne system 46 
and the vinyl bromide 55-Z, the other vinyl bromide derivative 40 was also 
investigated via the intramolecular Suzuki's palladium catalysed coupling reaction. 
First of all, the synthesis of the vinylbromide derivative 40 was attempted. 
B n O ^ Br a 广 B n O ^ _ Br b ^ BnO~>^—〈Br 
~^CO2Et CH2OH CH2OTs 
55-Z 56 57 
Scheme 10. Reagents and condtions: a) DIBAL-H, toluene, -40 °C’ 78%; b) TsCl, 
DMAP, rt, 95%. 
19 
The ester group of the vinylbromide 55-Z was reduced by DEBAL-H in toluene 
at -40 °C gave the allylic alcohol 56 (Scheme 10). The successful result of the 
reduction was evident by the absence of resonances of the ethyl group at 1.33 and 4.27 
ppm in the NMR spectrum of 56. A strong absorption at 3389 cm_l in the IR spectrum 
of evidence for the hydroxyl functional group and a correct elemental analysis also 
substantiated the structure of 56. The allylic alcohol in 56 was esterified with TsCl to 
introduce a leaving group of 57. 
Next we investigated the conversion of the tertiary alcohol in aUcene 46 into 0-
alkylated vinyl bromide derivative 40 (Scheme 11). However, results were 
unsuccessful with the recovery of the starting materials. 
^ ^ 0 ) . _ " 0 (l)NaH,THF,O^C 
^ _ / ) ^ No reaction 
Ho' " 0 \ (2) BnO^s,^_^Br 
46 ~ ^ O T s 
57 
Scheme 11 
Model studies had also been made using 2,3 dibromopropene (58) for the 0-
aUcylation reagents (Scheme 12). 0-AUcylation of the tertiary alcohol 46 gave the 
desired product 59 with 34% yield and the elimination product 60 in 16% yield. The 
presence of the NaOH in NaH might contribute to the major reaction of the eUmination 
of HBr in 59. 
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As a result of this significant class of 0-aUcylation reagent, 2,3 dibromopropene 
(58)，the higher reactivity of the allylic bromide 61 and the allylic iodide 62 were 
synthesized (Scheme 13). 
B n O " x Br a B n O ~ \ Br 
" X = ^ ~ ~ ^ ^ = < 
^ O T s ^ B r 
57 61 
b 
B n O ^ ^ 一 , B r 
“ ^ ^ 1 
62 
Scheme 13. Reagents and coditions: a) LiBr, acetone, lh, 95%; b) LiI, acetone, lh, 
95%. 
The tertiary alcohol 46 reacted with the allylic bromide 61 and the allyHc iodide 
62 respectively (Scheme 14). 
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Scheme 14 
However, only the elimination product 63 was obtained exclusively. The 0-
benzyl group in the 61 and 62 might accelerate the elimination. The presence of the 
butyne ether moiety in 63 was evident from the absence of the resonance of the vinylic 
proton in the lR NMR spectrum of 63. Absorption at 2354 cm_l in the IR spectrum 
of 63 also indicated the presence of the carbon-carbon triple bond. A correct elemental 
analysis also substantiated the structure of 63. This seems to be the dead end to 
synthesize the compound 40. 
Transformation of the 0-aLkylated vinyl bromide 59 into the related cyclised 
system (Scheme 14) via the intramolecular Suzuki's palladium catalysed coupling 
reaction also proved unsuccessful We examined a wide range of reaction conditions 
based on different reported methodologies that had previously been successful in the 
ring formation.39,40 However, we were only able to recover the starting material 59. 
So another new strategy was developed immediately. 
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Scheme 14 
Entry Pd catalyst base solvent temperature reaction time 
1 Pd(PPh3)4 K2CO3 dioxane reflux 14 h 
2 Pd(PPh3)4 K3PO4 DMF reflux 14 h 
3 PdCl2(dppf)2 K3PO4 dioxane reflux 14 h 
4 PdCl2(dppf)2 K2CO3 DMF reflux 14 h 
5 PdCl2(dppf)2 K3PO4 CH3CN reflux 14h 
Table 2 
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Retrosynthetically, the heterocyclic seven membered ring 64 could be 
synthesed from compound 79 using a free radical or a carbanion cyclization of 83. 
2.2.1 Synthesis of 79 - route 1 
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In order to synthese the precursor 79, the aUcene 46 was used as the starting 
material. The aUcene 46 underwent hydroboration and oxidation in aUcaline medium to 
afford the diol 65!3 (Scheme 15). 
^ • • V _ ^ H 0 ^ . . , 3 ^ 
H O 、 ’ 、 c A H o ' 々 c A 
46 65 
b 
T B D M S O ^ ^ ^ . . , 0 ^ T B D M S O ^ . ^ ^ . , , ^ 




Scheme 15. Reagents and conditions: a) i) borane-dimethylsulphide complex (2.0 
M), THF, ii) NaOH (3 M), H2O2 (30%), overall 90%; b) imidazole, TBDMSC1, 
DMAP, DCM, 99%; c) i) NaH, THF, 0。C’ ii) 71, rt, 5 h, overall 86%. 
Using TBDMSC1, the primary hydroxyl group of 65 was selectively blocked to 
form a silyl ether 66!3 in excellent yield. Then, the tertiary hydroxyl group of 66 was 
alkylated with the iodide 71^i to give a pair of diastereoisomers 67 due to the acetal 
carbon in a ratio of 6:4 and in combined overall yield of 76% (from 66). The 
successful result of the aDcylation of 67 was evident by the presence of resonances of 
the acetylic proton at 4.78 ppm in the ^H NMR spectrum of 67. The absence of the 
absorption at 3400 cm_l in the IR spectrum of 67 supported by the fact that the 
hydroxyl group no longer existed. The iodide 71^1 was prepared from the mesylate 
70 that reacted with NaI in acetone (Scheme 16). The primary hydroxyl group of the 
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THP ether 69 was mesylated to give 70 in excellent yield. The THP ether 69 was 
obtained from the protection of one of the hydroxyl group 2-butyne-l,4-diol (68) by 
DHP. 
a _ _ = ^ _ _ 
I — I I — I 
OH OH OH OTHP 
2-butyne-l,4-diol (68) 69 
b 
c 
— I ^ I — I 
OTHP OMs OTHP 
71 70 
Scheme 1637. Reagents and conditons: a) dihydropyran, TsOH, DCM, 58%; b) 
MsCl, DCM, 99%; C) NaI, acetone, 60%. 
However, deprotection of the blocked hydroxyl group (Scheme 17) was 
unsuccessful using various deprotection methods 42，43 as listed below. 
TBDMSO^^^^^O^."0 T B D M S O ^ ^ / ^ ^ ^ . . i O 
O 、 、 " ' o Y X ^ O 、 、 " o A ^ 
1) AcOH, THF, H2O, 0° C [ 
I 2) TsOH, DCM, 0°C I 
\ 3) PPTS, EtOH, 0°C 1^  
OTHP 4) ppTS, THF, 0°C ^ ^ 
67 72 
Scheme 17 
The THP ether 67 was exposed to catalytic amount of TsOH in THF/H2O at 0 
°C to give the hydrolysis product diol 65. The same results were obtained even using 
weaker acids i.e. AcOH or PPTS in different solvents. Also from the mass spectrum 
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of 67 [m/z (FAB) 331 (M+-THPOCH2CCCH2, 25%)], it indicated that the butyne 
ether C-0 bond could be easily broken. 
Other methods44 were tried to deprotect the THP ether of 67 but no observable 
reaction occurred (Scheme 18). 
T B D M S O ^ ^ ^ _ _ i O 
0 、 " 0 " \ ^ No reaction 
1) Wet silica gel, DCM, rt 




This seemed to be the dead end of this route. Therefore, we changed the other 
synthetic route to synthesize a,P-unsaturated ester 79. 
2.2.2 Synthesis of 79 - route 2 
We started from the tertiary alcohol 66 which was alkylated with propargyl 
bromide in the presence of NaH in THF to give the propargyl ether 73 (Scheme 19). 
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Scheme 19. Reagents and conditions: a) i) NaH, THF, 0 °G，ii) propargyl bromide, 
overall 86%; b) i) n-BuLi, -95 °C，ii) ethyl chloroformate, overall 90%, c) TBAF, 
THF, 0。C. 
The presence of the propargyl ether moiety in 73 was proved by the resonance 
of the terminal proton 2.41 ppm in the ^H NMR spectrum of 73. Absorption at 2350 
cm_l in the IR spectrum of 73 also indicated the presence of the carbon-carbon triple 
bond and the absence of hydroxyl absorption around 3500 cm_l. Further evidence was 
given by the mass spectrum of 73 [m/z (FAB) 371 (M+, 5 %)]. Introduction of the 
ethyl ester group to the propargyl ether 73 was achieved in the presence of n-BuLi and 
ethyl chloroformate at -78 °C in 90% yield.45,46 The presence of the ethyl ester moiety 
in 74 was evident from the resonances of the protons of ethyl group 1.31，4.23 ppm 
and also the absence of the resonance of the terminal proton 2.41 ppm in the ^H NMR 
spectrum of 74. Absorption at 1714 cm_l in the IR spectrum of 74 also indicated the 
presence of unsaturated ester carbonyl. Further evidence was given by the mass 
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spectrum of [m/z (FAB) 443 (M+H，2%)]. A correct elemental analysis substantiated 
the structure of 74. 
Unfortunately, desilyation was unsuccessful when the silyl ether 74 was 
exposed to TBAF in THF at 0 T to room temperature (entry 1)47 (XabIe 3) gave 
decomposition products. The same results were obtained using p y H F (entry 2).48 
The hydrolysis product 65 was obtained when treated with AcOH in THF (entry 3).47 
Entry Reagents Temperature 
1 TBAF, THF 0。C 一 rt 
2 PyHF CrC ~ - rt 
3 AcOH, THF 0。C 一 rt 
Table 3 
As from table 3，the labile ethyl ester group of 69 is prone to deprotect in 
various conditions of desilylation process. Consequently, introduction of the ethyl 
ester group to the aUmyl 73 should be performed after the desilylation. 
2.2.3 Synthesis of 7946- route 3 
Using the protected alcohol 73, the primary alcohol 76 was generated directly 
in good yield after work up (Scheme 20). The absence of the resonances at 0.03 and 
0.88 ppm in the ^H spectrum of 76 indicated that the removal of the silyl ether was 
complete. Absorption at 3279 cm_l in the IR spectrum of 76 also indicated the 
presence of the OH group and a correct elemental analysis also substantiated the 
structure of 76. The hydroxyl group of 76 was then transformed into a tosylate ester 
using TsCl to give 77 in exceUent yield. 
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Scheme 20. Reagents and conditions: a) nBu4N+F-, THF, 95%; b) TsCl, DMAP, 
DCM, 93%; c) i) n-BuLi, -95 °C, ii) ethyl chloroformate, overall 90%; d) LiI, acetone, 
50 °C，94%. 
The presence of the tosylate moiety in 77 was evident from the resonance of 
the methyl group 2.43 ppm and the benzylic proton at 7.33，7.77 ppm in the ^H NMR 
spectrum of 77. The absence of the absorption at 3279 cm_l in the JR spectrum of 77 
also indicated that the hydroxyl group in 77 was completely converted into the tosylate 
group. Further evidence was given by the mass spectrum of 77 [m/z (FAB) 395 (M+-
Me, 13 %)]. The propargyl ether was then deprotonated by n-BuLi in THF at -95 °C， 
then ethyl chloroformate was added to obtain the ethyl ester 78 giving 90% yield. The 
presence of the ethyl ester moiety in 78 was evident from the resonances of the protons 
of ethyl group 1.33，4.23 ppm and the absence of the resonance of the terminal proton 
2.41 ppm in the ^H NMR spectrum of 78. Absorption at 1714 cm_l in the IR 
spectrum of 78 indicated the presence of unsaturated ester carbonyL Further evidence 
was given by the mass spectrum of [m/z (FAB) 467 (M+-Me, 2%)]. A correct 
elemental analysis also substantiated the structure of 78. The tosylate group of was 
transformed into iodide 79 in 95% in the presence of the L i I in acetone at 50 °C. The 
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successful result of the transformation of the tosylate group to iodide was evident by 
the absence of resonances of the methyl group 2.43 ppm and the benzylic proton at 
7.33，7.77 ppm in the l H NMR spectrum of 79. Further evidence was given by the 
mass spectrum of 79 [m/z (FAB) 423 ( M+-Me, 100%)]. 
2 .2 .4 Synthetic studies on free radical cyclization of 79 
With the a,P-unsaturated ester 79 in hand, we were then able to investigate the 
Bu3SnH-AIBN induced radical cyclization 49-59 (Scheme 21). 
。 3 : : 丫 二 C ^ r 
EtO EtO 
79 80 
Scheme 21. Reagents and conditions: a) Bu3SnH, AIBN, benzene, 80 °C, 3 h, 
65%. 
Slow addition over 2 h of a solution of Bu3SnH (1.5 eq) in benzene to a 
refluxing solution of 79 and AIBN in benzene under nitrogen, and further refluxing of 
the resulting solution for 30 min gave reduction product 80. The unsaturated iodide 
ester 79 failed to cyclize in the l-exo- or ^-endo mode, indicating the much slower 
rate of cycHzation compared to the reduction of the C-I bond. 
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2.2 .5 Synthesis of 83 
TsO ^ ^ 0 ^ PhS\ H o 
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Scheme 22. Reagents and conditions: a) i) PhSH, NaH, DMF, 0。C，ii) 77，overall 
91%; b) i) n-BuLi, -95 °C，ii) ethyl chloroformate, overall 95%, c) Oxone™, DCM, rt, 
93%. 
The thio ether 81 was obtained from the replacement of the OTs group by 
sodium phenyl thiolate in DMF at 0 °C for 15 min.60-62 Then the ethyl ester was 
introduced to 81，giving a,P-unsaturated ester 82. The sulphide of 82 was o x i d i s e d ^ ^ 
to give sulphone 83 using an excess of Oxone™ in 93 % yield. 
2.2 .6 Synthetic studies on carbanion cyclization of 83 
PhO2S^  H 0 
^ V y _ 0 / a 
9 S ~ ( , X ^ Decomposition product 
E t 0 - ^ - ^ ^ ; ^ 0 0 \ 
83 
Scheme 23. Reagents and conditions: a) LDA, THF, TMEDA, -78 °C, 10 min. 
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Slow addition over of a solution of 83 in THF to a solution of LDA under 
nitrogen at -78 °C.70-74 Unfortunately, carbanion cyclization was unsuccessful and 
gave decomposition products. The same result was obtained using "BuLi.63-69 
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Part 3 Conclusion 
The synthesis of the oxepane ring of zoapatanol 1 is unsuccessful via Suzuki's 
coupling (Scheme 9)，free-radical cyclication(Scheme 21) and carbanion cyclication 
(Scheme 23). Further investigation other possiblities of the construction of the target 
oxepane ring is actively conducted in our research group. 
Suzuki's palladium catalyst coupling reaction 
^ ^ . " 0 ( l ) _ ’ 7 0 ° C , l 4 h , NoReaction 






The Bu3SnH-AIBN induced radical cyclization 
, H Q H 0 
I > ^ - ^ S - 0 H 3 C ^ >-.O 
0 V I y Bu3SnH,AIBN , ^ y 
\ = 力 0 ^ Benzene,80。C 》 = z 〇 。 ^ 
EtO EtO M 
79 80 
The carbanion cyclization 
^ o 
0 ^^^^^—^., ^ ^ LDA, TMEDA, THF_ Decomposition product 
) \ 一 ， 〇 、 0 \ -78 °C, 15min 
EtO — 83 
34 
Part 4 Experimental 
Melting points were determined with a Reichert apparatus and are reported in 
degrees Celsius uncorrected. A l l optical rotation data were measured at 589 nm on 
Perkin-Elmer model 341 polarimeter. [a]D values are recorded in 10_l deg cm^ g_l. 
Infrared (IR) spectra were recorded on the Nicolet 205 and the Perkin-Ehner 1600 FT-
IR spectrometer as thin film on potassium bromide discs. Nuclear magnetic resonance 
(NMR) spectra were measured with a Bruker WM250 NMR spectrometer at 250.13 
MHz ( lR) or at 62.89 MHz (1¾) and a Bruker DPX300 NMR spectrometer at 300.13 
MHz ( lH) or at 75.47 MHz (l^C) in CDCl3 solutions unless stated otherwise. 
Chemical shifts are reported as parts per mill ion (ppm) in scale 5 relative to 
tetramethylsilane (5 = 0.0). Spin-spin coupling constants {J) are reported in hertz (Hz) 
which were measured directly from the spectra. Peak multiplicities were denoted by s 
(singlet); brs (broad singlet); d (doublet); bd (broad doublet); dd (doublet of doublets); 
dt (doublet of triplets); t (triplet); q (quartet); m (multiplet). Electron impact (EI) and 
fast atom bombardment (FAB) mass spectra were recorded on a HP5989A and a 
HP5989B mass spectrometer. HRMS were performed at The Chinese University of 
Hong Kong, Hong Kong, with a Bruker APEX47e mass spectrometer. Carbon and 
hydrogen elemental analyses were carried out by MEDAC Ltd, Department of 
Chemistry, Brunei University, Uxbridge, U.K. A l l reactions were monitored by 
analytical thin-layer chromatography (TLC) using E. Merck precoated with silica gel 
6OF254 (E. Merck) and compounds were visualized with a spray of 5% w/v 
dodecamolybdophosphoric acid in ethanol and subsequent heating. E. Merck silica gel 
60 (230-400 mesh) was used for flash chromatography. A l l solvents were reagent 
grade unless otherwise stated. Pyridine was distilled from barium oxide and stored in 
the presence of potassium hydroxide pellets. Methanol was dried by sodium and 
distilling from its sodium salt under nitrogen. Benzene, toluene, tetrahydrofuran, 
diethyl ether were freshly distilled from Na/benzophenone ketyl under nitrogen. 
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Dichloromethane and acetonitrile were freshly distilled from calcium hydride under 
nitrogen. Other reagents were purchased from commercial suppliers and were used 
without purification. AU hexanes used are n -hexane. 
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l ,2:5,6-Di-0- isopropyl idene-a-D-glucofuranose (42).i4 Anhydrous a-D-
glucose (50.0 g, 278 mmol) was added into dry acetone and was stirred in a ice-salt-
bath (-5 °C). Concentrated Sulfuric acid (40 mL) was added dropwise while 
maintaining the temperature at 0 °C for 5 h and was allowed the temperature to rise 
gradually to 20—25。C. The solution was cooled to 0 °C and 50% of NaOH solution 
was added dropwise to neutralize to pH 7. A smaU amount of NaHCO3 (solid) was 
added. After 12 h, the salt was removed by filtration. The filtrate was concentrated to 
a thick yellow synip. The syrup was redissolved in CHCl3 (200 mL) layered with 
water (50 mL). The mixture was then washed with brine (50 mL x 3) and dried with 
anhydrous MgSO4 and filtered. Concentration of the filtrate followed by 
recrystallisation from cyclohexane gave colorless needles 42 (40.6 g，56%); R/= 0.43 
(hexane-acetone, 2:1); m.p. 109—110。C (lit.,i4m.p. 109—110 °C); lR 5 1.32, 1.36， 
1.44 and 1.50 (4 x Me, s), 2.55 ( lH , d，J = 3.7 Hz), 3.97 ( l H , dd，J 二 5.5，8.6 Hz), 
4.07 ( lH, dd, J = 2.8，7.6 Hz), 4.17 ( lH, dd, J = 6.2，8.6 Hz), 4.32-4.36 (2H, m), 
5.52 ( lH, d, J = 3.6 Hz), 5.95 ( lH, d，J = 3.6 Hz). 
l ,2:5,6-Di-0-isopropyl idene-a-D-n7^o-3-hexulofuranose hydrate (43).i^ 
Pyridinium dichromate (6.85 g, 18.2 mmol), powdered 4入 molecular sieves (9 g) and 
glacial acetic acid (0.5 mL) were slowly added to the DCM (80 mL) solution of 42 
(3.12 g, 12.1 mmol) under nitrogen gas. The mixture was stirred at rt for 24 h and 
then celite (3 g) was added to stir for 10 min. The solution was filtered through a bed 
of silica gel (about 4 cm length) and the solid was thoroughly washed with CHCl3 (3 x 
50 mL). The solvent was removed by rotary evaporation to give the ketone 43 as a 
colorless syrup (3.05 g, 98%). The ketone was hydrated after addition of several 
drops of distilled water, giving white needles; R/= 0.60 (hexane-diethyl ether, 1:1); 
m.p. 100—101。C (Ht.,i7 m.p. 111—112 °C); [ a ] f +44 {c 1.0，CHCl3), [lit.,i7 
[a]D + 44 (c 1.0，ethanol)]; iH 5 NMR 1.35 (6H, s), 1.45 (3H, s), 1.47 (3H, s), 1.75 
(2H, brs), 4.05 (2H, d, J = 7.0 Hz), 4.30-4.50 (3H, m), 6.13 ( lH, d J = 3.7 Hz). 
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l,2:5,6 -Di-0- isopropyl idene -3-C -methyl -a-D -aI lofuranose (44).1^ 43 
(3.00 g, 11.62 mmol) was dried by aerotropic removal of water using with dry toluene 
and was then dissolved in dry THF (60 mL). The Grigard reagent, 3 M solution of 
MeMgBr (8.1 mL, 24.4 mmol) was slowly added at 0 °C with vigorous stirring. After 
the addition, the solution was stirred at 0 °C for 1 h and then at rt for 2 h. Saturated 
aqueous NH4Cl (40 mL) was added slowly to the cooled solution. The mixture was 
extracted with CHCl3 (3 x 50 ml), dried with anhydrous MgSO4 and filtered. 
Concentration of the filtrate followed by recrystalHsation gave white needle crystals 44 
(3.06 g, 96%); R/= 0.17 (hexane-diethyl ether, 1:1); m.p. 104。C (lit.，i8 m.p. 105— 
107 °C); [ a ] f + 21 (c 2.2，CHCl3) [liiJ^ [a]D + 22 (c 1.0, CHCI3)]； ^H 5 NMR 
1.29 (3H, s)，1.35 (3H, s), 1.45 (3H, s)，1.59 (3H, s), 2.68 ( lH , brs), 3.77 ( lH, d，J 
=7.8 Hz), 3.93 ( lH, dd, J = 10.9’ 7.8 Hz), 4.10-4.14 (2H, m), 4.18 ( lH, d，J 二 3.7 
Hz), 5.70 ( lH, d, J = 3.7 Hz). 
l ,2 -0 - Isopropy l idene-3 -C -methy I -a -D-a l lo fu ranose (45).i6 44 (1.46 g, 
5.31 mmole) was dissolved in 80% aqueous acetic acid (20 mL) were stirred at rt for 
10 h. The acetic acid was removed in vacuo to give a white solid. The crude product 
was purified by recrystallisation (chloroform-ether) to give white needle crystals 45 
(1.08 g, 87% ); R/=0.35 (EtOAc-MeOH, 95:5); m.p. 110—111 °C (lit.,i6m.p. 
132.5—133.5 "C); [ a ] f + 23 (c 2.0，CHCl3) [ l i t ” i6 [a]D + 23 (c 0.4，CHCl3)]; ! H 
5 NMR 1.33 (3H, s), 1.35 (3H, s), 1.59 (3H, s), 2.55 ( lH, d, J = 3 Hz), 2.89 ( lH, 
s), 3.70-3.79 (2H, m), 3.81-3.84 (2H, m), 4.17 ( lH, d, J = 3.8 Hz), 5.73 ( lH, d, J 
二 3.7 Hz). 
5,6-Deoxy-5-ene-l ,2-0- isopropyl idene-3-C-methyl-a-D-al lofuranose 
(46).i3 Triol 45 (0.101 g，0.43 mmol), imidazole (120 mg, 1.81 mmol) and 
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triphenylphosphine (0.47 g, 1.81 mmol) were dissolved in dry toluene (20 mL) and 
was refluxed under nitrogen. Iodine (0.35 g, 1.38 mmol) was added to the refluxing 
mixture in five portions over 1 h. Saturated sodium thiosulphate solution (5 mL) and 
NaOH solution (3.0 M, 5 mL) were mixed with the cooled reaction mixture in a 
separatory funnel. The organic layer was separated and washed with brine (10 mL), 
water (10 mL), dried over MgSO4 and filtered. Concentration of the filtrate followed 
by flash chromatography (hexane-EtOAc, 5:1) afforded a white solid 46 (0.062 g， 
72%); Rf= 0.2 (ethyl acetate-hexane, 1:5); m.p. 65一66 °C ( l i t^^ m.p. 65—67 °C); 
[ a ] f + 46 (c 1.0，CHCl3) [lit.，i3 [a]^。+ 47 (c 1.0，CHCl3)]; ^H 5 NMR 1.04 (3H, 
s), 1.30 (3H, s)，1.60 (3H, s), 4.10 ( lH, d, J = 3.8 Hz), 4.15 ( lH , d，J = 5.8 Hz), 
4.22 ( lH, t, J = 6.8 Hz), 5.22 ( lH, d, J = 10.6 Hz), 5.33 ( lH, d，J = 17.3 Hz), 5.66-
5.80 ( lH, m)，5.72 ( lH, d，J = 4.0 Hz). 
(Z)-l,4-dibenzyloxybut-2-ene (48).23 Sodium hydride (13.4 g, 335.2 mmol) 
was suspended in dry THF (300 mL) under nitrogen at 0 °C. A solution of the diol 
(5.0 mL, 83.8 mmol) in THF (20 mL) was added dropwise and the reaction mixture 
was left to stir at rt for half an hour. Benzyl bromide (21.9 mL, 184.33 mmol) was 
added dropwise and the mixture was refluxed for 12 h. Methanol (10 mL) was then 
added slowly followed by addition of water (10 mL). The aqueous layer was extracted 
with chloroform (3 x 50 mL). The combined extracts were washed with brine, dried 
over MgSO4, and filtered. Concentration of the filtrate followed by flash 
chromatography (hexane-ethyl acetate, 20:1) afforded the title compound 48 as a pale 
yellow oil (15.5 g, 90%); R/= 0.35 (hexane-diethyl ether, 20:1); ^H 5 NMR 4.06 (4H, 
d, J = 4.8 Hz), 4.49 (4H, s), 4.79 (2H, t, J = 4.8 Hz), 7.24-7.38 (lOH, m). 
(±)-l，4-Di-6^benzylerythritol (49).24 To a vigorously stirred solution of the 
benzyl ether 48 (1.50 g, 3.7 mmol) in EtOAc/CH3CN (6 mL/6 mL) at 0 - 5 °C was 
added a solution of RuCl3 (H2O)3 (62 mg，0.27 mmol) and NaIO4 (1.20 g, 5.6 mmol) 
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in distilled water (2 mL). The mixture was stirred vigorously for 3 min and quenched 
with a saturated aqueous solution of Na2S2O3 (15 mL). The aqueous phase was 
separated and extracted with EtOAc (3 x 30 mL). The combined organic extracts were 
dried (MgSO4) and filtered. Concentration of the filtrate followed by flash 
chromatography (hexane-EtOAc, 2:1) afforded the diol 49 as a colorless needle crystal 
(0.94 g, 84%); Rf= 0.31 (EtOAc-hexane, 1:1); m.p. 57—58 °C (lit.,24 m.p. 56—58 
"C); l H 5 NMR 2.64 (2H, bs), 3.62-3.65 (4H, m), 3.83-3.84 (2H, m), 4.55 (4H, s), 
7.29-7.38 (lOH, m). 
Benzyloxy-acetaldehyde (50).20 NaIO4 (182 mg, 0.85 mmol) was dissolved in 
H2O (0.5 mL) and silica gel (caA g) was added. The mixture was stirred as powder 
and was added into a solution of 49 (0.214 g, 0.71 mmol) in DCM. The mixture was 
stirred vigorously for 30 min and filtered. Concentration of the filtrate afforded the 
aldehyde 50 as a colorless oil (0.17 g, 78%); R/= 0.34 (diethyl ether-hexane, 1:1); ^H 
5 NMR 4.11 (2H, s)，4.63 (2H, s), 7.34-7.39 (5H, m). 
Ethoxyca rbony lme thy lene t r i pheny lphosphorane (53).25 E t h y l 
bromoacetate (2.37 mL, 2.1 mmol) was added over a period of 2 h at rt to a solution of 
triphenylphosphine (5.62 g, 2.1 mmol) in dry benzene. After 24 h，the upper layer 
was removed by dropping out. The phosphonium salt was washed with ether (3 x 60 
mL), dried and concentrated as a white precipitate. The precipitate was dissolved in 
20% v/v aqueous ethanol. NaOH (1 M) was added at 0。C until pH 10. The white 
precipitate was collected by filtration, washed with cold water, and dried. 
Recrystallisation from ethyl acetate gave 53 as a colorless prismatic crystals (4.96 g, 
68%); Rf= 0.33 (CHCl3-MeOH, 85:15); m.p. 126-128T (lit.,25 m.p. 65—67 °C); 
lR 5 NMR 1.07 (3H, brs), 2.87 ( lH, bs), 3.96 (2H, d, J = 6.6 Hz), 7.41-7.70 (15H, 
m); MS (EI) m/z (relative intensity) 248 (M+H, 73). 
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Ethoxycarbonyl(bromo)methylenetr iphenylphosphorane (54).2i Bromine 
(1.5 mL, 0.029 mmol) in carbon tetrachloride (10 mL) was added to 53 (10.3 g, 29.4 
mmol) in DCM at -70 °C for 3 h. The residue left after removal of DCM was dissolved 
in ethanoywater (1:1，60 mL) and phenolphthalein was added as an indicator. NaOH 
(1 M, 10 mL) was added dropwise into the mixture at 0 °C until the solution changed 
from colorless to pink. The mixture was left to stir at 0 °C for 0.5 h to give 
bromophosphorane 53 as a pale yellow precipitate (11.4 g, 91%); m.p. 157—159 °C 
(lit.,2i m.p. 157-159。C); !H 5 NMR 0.85 (3H, bs), 3.92 (2H, bs), 7.48-7.72 (15H, 
m); MS (EI) m/z (relative intensity) 427 (M+H, 48). 
Ethy l -Z-4-benzy loxy -2 -bromo-but -Z -enoate (55-Z). The solution of 54 
(0.277 g，0.64 mmol) in DCM (10 mL) was added slowly into the solution of 50 (96.1 
mg, 0.64 mmol). The reaction mixture was stirred for 24 h at rt. After removal of 
DCM, the residue left was dissolved in diethyl ether and the solution was cooled at 0 
°C for 24 h. The solid was filtered out and washed with cold diethyl ether. 
Concentration of the filtrate followed by flash chromatography (hexane-diethyl ether, 
12:1) afforded a 22:1 cis -!trans -mixture of the title compound as a pale yellow oil 
(0.17 g, 89%); IR (film) 2981，2860, 1731，1633，1495, 1454, 738，632 cm"l; 
55-Z: cis product: R/= 0.35 (hexane-diethyl ether, 11:1); lR 5 NMR 1.33 (3H, t，J 
=7.2 Hz), 4.28 (2H, q，J = 12 Hz), 4.29 (2H, d, J = 5 Hz), 4.57 (2H, s)，7.29-7.41 
(5H, m), 7.48 ( lH, t, J = 5 Hz); 13c 5 NMR 13.90，62.40，69.67，72.86，115.37, 
127.59，127.70，128.26, 137.17，142.93，161.35; MS (FAB) mh (relative intensity) 
219 (M+-Br, 3); Anal. Calcd for C13H15O3Br: C，52.19; H, 5.05; Br, 26.71. Found: 
C, 52.37; H, 5.00; Br, 26.77. 
55-E: trans product: R/= 0.36 (hexane-diethyl ether, 11:1); ^H 5 NMR 1.32 (3H, t， 
J = 7.3 Hz), 4.24 (2H, q，J = 7.3 Hz), 4.46 (2H, d, J = 5.1 Hz), 4.54 (2H, s), 6.92 
( lH, t, J = 5.1 Hz), 7.33-7.37 (5H, m); 1¾ 5 NMR 13.94，62.35, 69.02, 72.74， 
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111.02, 127.69, 127.77，128.38，137.42, 147.38，162.33; Anal. Calcd for 
C13H15O3Br: C, 52.19; H, 5.05; Br, 26.71. Found: C, 52.31; H, 5.00; Br, 24.48. 
(Z)-4-Benzyloxy-2-bromo-2-buten-l-ol (56). To a solution of 55-Z (0.619 
g，2.08 mmol) in dry toluene (36 mL) was added dropwise into solution of Df f iAL-H 
(6.33 mL, 6.22 mmol, 20% in toluene) over 30 min at -40 °C. The mixture was stirred 
for 30 min at 0 °C The mixture was quenched with saturated aqueous NH4Cl (3 mL) 
and filtered through a pad of Celite. The aqueous layer was extracted with CH2Cl2 (3 x 
20 mL). The combined extracts were washed with brine (2 x 5 mL), dried over 
MgSO4, and filtered. Concentration of the filtrate followed by flash chromatography 
(hexane-diethyl ether, 2:1) gave a pale yellow oil 56 (0.394 g，72%); R/= 0.29 
(hexane-diethyl ether, 3:2); IR (film) 3389’ 3062, 2918, 2859, 1666’ 1495, 1453, 
1359, 738，698 cm_l; lR 5 NMR 2.96 ( lH, s), 4.06 ( lH, s), 4.10 (2H, d，J = 5.8 
Hz), 6.15 ( lH, t, J = 5.8 Hz), 7.18-7.26 (5H, m); 1¾ 5 NMR 67.18，68.89，72.46’ 
125.44, 126.80, 127.73，128.28, 137.44; MS (EI) m/z (relative intensity) 257 (M+， 
1)； Anal. Calcd for CnH13O2Br: C，51.38; H, 5.10; Br, 31.08. Found: C, 51.33; H, 
5.17; Br,30.96. 
[(Z)-4-Benzyloxy-2-bromo-but-2-enyl] tosylate (57). To a solution of the 
alcohol 56 (85.8 mg, 0.36 mmol) in DCM (10 mL) and Et3N (0.07 mL) was added 
TsCl (82.0 mg, 0.43 mmol) and a catalytic amount of DMAP at 0 °C. The reaction 
mixture was stirred ovemight at rt. The mixture was diluted with DCM (10 mL) and 
washed saturated NaHCO3. The aqueous layer was extracted with DCM (3 x 20 mL). 
The combined organic extracts were separated and washed with brine (10 mL), dried 
over MgSO4, and filtered. Concentration of the filtrate followed by flash 
chromatography (hexane-diethyl ether, 3:1) afforded a pale yellow oil 57 (85.8 mg, 
58%); Rf= 0.53 (hexane-diethyl ether, 3:2); IR (film) 3029’ 2918, 2859, 1651，1495, 
1453, 1359, 1109，739，698 cm_l; !H 5 NMR 2.43 (3H, s)，4.10 (2H, d , / = 5 . 5 Hz), 
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4.66 (2H, s), 4.67 (2H, s), 6.31 ( lH, t, J = 5.5 Hz), 7.25-7.38 (7H, m)，7.80 (2H, 
dd, J = 1.7，6.7 Hz); 13C 5 NMR 21.55, 68.80，72.64’ 73.09，118.64，127.70, 
127.76，127.92, 128.35, 129.70，132.46，132.72，137.45，145.08; MS (EI) m/z 
(relative intensity) 240 (M+-OTs, 2); Anal. Calcd for Ci8H19O4BrS: C, 52.56; H, 
4.66; Br, 19.43; S, 7.79. Found: C, 52.73; H, 4.74; Br,18.98; S，7.58. 
5,6-Deoxy-5-ene- l ,2-0- isopropyI idene-3-0- (Prop-2 ' -eny l ) -3-C-methy l -
a-D-allofuranose (59). Sodium hydride (33.5 g, 0.84 mmol) was washed with n-
hexane (3 x 2 mL) and suspended in dry THF (10 mL) under nitrogen at 0。C. A 
solution of the 46 (55.9 mg, 0.28 mmol) in THF (1 mL) was added dropwise and the 
reaction mixture was left to stir at rt for 0.5 h. 2，3-Dibromopropene (86 ^iL，0.84 
mmol) was added dropwise and a catalytic amount of tetrabutylammonium iodide was 
then added to the mixture which was then stirred for 12 h. The excess of sodium 
hydride was destroyed by addition of methanol (5 mL) and water (5 mL). The final 
mixture was extracted with chloroform (3 x 30 mL). The combined extracts were 
washed with brine, dried over MgSO4, and filtered. Concentration of the filtrate 
followed by flash chromatography (hexane-EtOAc, 6:1) afforded the title compound 59 
(31 mg, 35%) and 60 (11 mg, 16.6%) as a pale yellow oil ； 
59: [ a ] f + 52 (c 0.6，CHCl3); R/= 0.43 (hexane-EtOAc, 5:1); IR (film) 2987， 
2934，1643，1454, 1373，801，665 cm"l; lR 5 NMR 1.05 (3H, s), 1.27 (3H, s), 1.58 
(3H, s), 4.07 ( lH, brs), 4.13 ( lH, brs), 4.22 ( lH, d , / = 3 . 8 Hz), 4.46 ( lH, d ,7 = 
5.7 Hz), 5.22 ( lH, d, J = lO.lHz), 5.36 ( lH, d, J = 17.2 Hz), 5.50 ( lH, d, J = 1.4 
Hz), 5.67-5.80 (2H, m), 5.94 ( lH, d , 7 = 1.6 Hz); 13c 5 NMR 16.41，26.51，26.73， 
68.35’ 81.30, 82.93，83.13，103.72’ 112.83，116.28’ 118.44，128.97, 132.03; MS 
(FAB) m/z (relative intensity) 319 (M+, 50); HRMS calcd for C13H19O4BrNa+: 
341.0359. Found: 341.0372; Anal. Calcd for C13H19O4Br: C, 48.92; H, 6.00; Br, 
25.03. Found: C, 49.91; H, 6.14; Br, 23.09. 
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5,6-Deoxy-5-ene- l ,2-0- isopropy l idene-3-0-propargy l -3-C-methy l -a-D-
allofuranose 60: [ a ] f + 53 (c 0.8，CHCl3); R /= 0.43 (hexane-EtOAc, 5:1); IR 
(film) 2980, 2933, 2355, 1681，1454, 1372 cm"l; lR 5 NMR 1.11 (3H, s)，1.28 
(3H, s), 1.53 (3H, s)，2.36 ( lH, t, J = 2.5 Hz), 4.21 (2H, t, J = 3.0 Hz), 4.46 ( lH, 
d, J = 5.7 Hz), 5.22 ( lH, d , 7 = 10.7 Hz), 5.36 ( lH, d, J = 17.4 Hz), 5.65-5.80 (2H, 
m); 13c 5 NMR 16.45, 26.47, 26.82, 52.93，74.03，80.61, 81.24，82.82, 83.36， 
103.67，112.94，118.47，131.87; MS (EI) m/z (relative intensity) 239 (M+H，15). 
(Z)-4-Benzyloxy-l ,2-dibromo-but-2-ene (61). To a solution of 57 (0.64 g， 
1.56 mmole) in acetone (3 mL) was added LiBr (0.27 mg, 3.2 mmole) for 1 h at rt. 
The solution was then filtered through a short pad of silica gel. Concentration of the 
filtrate followed by flash chromatography (hexane-diethyl ether, 10:1) gave the title 
compound 61 as a colorless oil (0.47 g，95 %); R/= 0.6 (hexane-diethyl ether, 10:1); 
IR (film) 3028, 2910, 2852, 1652, 1455, 1357, 1103, 1086，733, 692 cm_l; lR 5 
NMR 4.19 (2H, d , 7 = 5 . 6 Hz), 4.50-4.52 (4H, m), 6.33 ( lH, t , J : 5.6 Hz), 7.25-
7.34 (5H, m); 13c 5 NMR 37.62，69.47, 72.71, 123.08, 127.76，128.37，131.52, 
137.58; Anal. Calcd for CnH12OBr2: C，41.28; H, 3.78; Br, 49.94. Found: C, 41.02; 
H, 3.72; Br,49.40. 
3-0- (4 ' -Benzy loxybut -2 ' -yny l ) -5 ,6-Deoxy-5-ene- l ,2-0- isopropy l idene-
3-C-methyl-a-D-allofuranose (63). To a stirred solution of 57 (0.53 g, 1.29 
mmole) in acetone (3 mL) was added L i I (0.15 mg, 1.1 mmole) for 1 h at rt. The 
solution was then filtered through a short pad of siUca gel. Concentration of the filtrate 
followed by flash chromatography (hexane-diethyl ether, 10:1) gave the title compound 
(Z)-4-Benzyloxy-2-bromo-l-iodo-but-2-ene (61) as a colorless oil (0.47 g, 95%); R/ 
=0.6 (hexane-diethyl ether, 10:1); m (film) 2910, 2859, 1713’ 1597, 1454, 1360, 
1176，1096，742’ 696，670 cm"l; lR 5 NMR 3.88 (2H, d,J=5.5 Hz), 4.18 (2H, s)， 
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4.41 (2H, s)，6.28 ( lH, t , 7 = 5.5 Hz), 7.18-7.32 (5H, m); 13c 5 NMR (300 MHz) 
11.06，69.86, 72.72, 125.16, 127.83，128.44，129.90，137.62. 
Sodium hydride (15 mg, 0.37 mmol) was washed with hexane (3 x 5 mL) and 
suspended in dry THF (5 mL) under nitrogen at 0 °C. A solution of the 46 (25 mg, 
0.12 mmol) in THF (1 mL) was added dropwise and the reaction mixture was left to 
stir at rt for 0.5 h. AllyHc iodide 61 (39.1 mg, 0.12 mmol) was added dropwise with a 
catalytic amount of tetrebutylammonium iodide. The mixture was left to stir for 12 h. 
The excess ofsodium hydride was destroyed by addition of methanol (1 mL) and water 
(5 mL). The final mixture was extracted with chloroform (3 x 30 mL). The combined 
extracts were washed with brine, dried over MgSO4, and filtered. Concentration of the 
filtrate followed by flash chromatography (hexane-EtOAc, 6:1) afforded the title 
compound 63 as a pale yellow oil (22 mg, 50%); R/二 0.31 (Hexane-ethyl acetate, 
5:1); [a]l' + 64 (c 0.1，CHCl3); IR (film) 2979, 2932, 2861, 2354，1446, 1375, 
1261, 1127, 1086, 1021 cm.l; l H 5 NMR 1.18 (3H, s), 1.33 (3H, s)，1.61 (3H, s), 
4.21 (2H, bs), 4.34-4.36 (3H, m), 4.62 ( lH, d，J = 5.8 Hz), 5.30 ( lH, d , 7 = 10.6 
Hz), 5.43 ( lH, d，J = 17.3 Hz), 5.71-5.85 (2H, m), 7.29-7.40 (5H, m); 13c 5 NMR 
16.45，26.47，26.86’ 53.17, 57.55, 71.68，81.27，82.86，83.21，83.33, 103.67， 
112.90, 118.53, 127.89，128.04, 128.43, 131.92，137.36; MS (FAB) m/z (relative 
intensity) 343 (M+-Me, 7); Anal. Calcd for C21H26O5： C, 70.37; H，7.31. Found: C, 
70.25; H, 7.28. 
5-Deoxy - l ,2-0- isopropyl idene-3 -C -methyl -a -D -aI lofuranose (65).i^ To 
a solution of the compound 46 (141 mg, 0.70 mmole) in dry THF was added a 
solution of borane-methyl sulphide complex 2.0 M solution in THF (0.42 ml, 0.85 
mmole) at 0 °C. The mixture was stirred for 5 h at rt and the excess of the hydride was 
destroyed by the NaOH solution (3.0 M, 5 mL) and aqueous H2O2 (30% v/v, 5 mL) 
was added at 0 °C. The solution was raised to rt and stirred ovemight. The solvent 
was removed and the residue was extracted with chloroform (7 x 15 mL). The organic 
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extracts were combined, dried over anhydrous MgSO4, and filtered. Concentration of 
the filtrate followed by flash chromatography (EtOAc-hexane, 5:1) afforded the title 
compound 65 as a white solid (137 mg, 89%), which was recrystallised from ethyl 
acetate/hexane to give white needles, m.p. 85—86 °C (l i t, i^ m.p. 83—85 °C) ； [ a ] f 
+ 49 (c 1.0，CHCl3) [lit.,i3 [a]^ + 49 (c 0.6，CHCI3)]； R/= 0.2 (hexane-EtOAc, 3:1); 
i H 5 1.19 (3H, s), 1.35 (3H, s), 1.58 (3H, s), 1.72-1.91 (2H, m), 2.38 ( lH, brs), 
3.76-3.87 (3H, m)，4.14 ( lH, d, J = 3.9 Hz), 5.74 ( lH, d, J = 3.9 Hz). 
5-Deoxy-6 -0 - t -buty ld imethy ls i ly l - l ,2 -0 - isopropy l idene-3-C-methy l -a-
D-allofuranose (66).i3 To a stirred solution of diol 64 (120 mg, 0.6 mmole) in 
DCM (2 mL) was added, imidazole (130 mg, 1.9 mmole), r-butyldimethylsilyl chloride 
(220 mg, 1.4 mmole) and a catalytic amount of DMAP at 0。C. The reaction mixture 
was then left to stir at rt for 8 h after which time the reaction was complete. Water was 
added to reaction mixture and then the mixture was extracted with DCM (3 x 5 mL). 
The combined extracts was washed with brine, dried over MgSO4 and filtered. 
Concentration of the filtrate followed by flash chromatography (hexane-diethyl ether, 
5:1) afforded the title compound 66 as colorless oil (182 mg, 99%); R/= 0.35 (hexane-
diethyl ether, 6:1); [ a ] f -36。(c 1.3，CHCl3) [litP [a]^° -36 {c 1.0，CHCl3)]; !H 5 
0.06 (6H, s), 0.89 (9H, s), 1.14 (3H, s), 1.34 (3H, s)，1.56 (3H, s), 1.66-1.88 (2H, 
m), 3.66-3.85 (2H, m)，3.90 ( lH, dd, 7 = 5 , 7.5 Hz), 4.14 ( lH, d，J = 3.9，3.8 Hz), 
5.71 ( lH, d ,7 = 3.8 Hz). 
4-(Tetrahydro-2-pyranyloxy)-2-butynyl- l -ol (69).4i To a stirred solution 
of 2-butyne-l,4-diol (2.14 g，24.9 mmole) in DCM (50 mL) was added dihydropyran 
(1.1 mL, 12.4 mmole) dropwise with a catalytic amount of /7-t0luenesulf0nic acid 
monohydrate at 0 °C. The reaction mixture was then left to stir at rt for 6 h. The 
solvent was removed completely. The residue was then dissolved in diethyl ether (50 
mL) and washed with water (10 mL x 2)，brine (10 mL x 2)，dried over MgSO4 and 
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filtered. Concentration of the filtrate followed by flash chromatography (hexane-
EtOAc，2:1) to afford the title compound 69 as a colorless oil (1.23 g，59 %); R/= 
0.51 (hexane-EtOAc, 1:2); lR 5 1.55-1.83 (6H, m), 3.51-3.57 ( lH , m)，3.79-3.88 
( lH, m)，4.21-4.38(4H, m)，4.82 ( lH, t, J : 3.3 Hz). 
[4-(Tetrahydro-2-pyranyloxy)-2-butynyl] methanesulfonylate (70).4i To 
a solution of 68 (0.77 g, 4.5 mmole) in DCM (20 mL) was added triethylamine (1.1 
mL, 8.2 mmole) and MsCl (0.53 mL, 6.85 mmol) dropwise at 0 °C for 1 h. The 
mixture was raised to rt and the mixture was washed with water (2 x 10 mL) and brine 
(10 mL). The organic layer was dried over anhydrous MgSO4 and filtered. 
Concentration the filtrate followed by flash chromatography (hexane-EtOAc, 2:1) 
afforded the title compound 70 as a colorless oil (1.12 g, 99%); R/= 0.57 (hexane-
EtOAc, 1:1); l H 5 1.50-1.78 (6H, m), 3.11 (3H, s)，3.48-3.56 ( lH, m), 3.75-3.85 
( lH , m), 4.31 (2H, t, J == 1.8，5.2 Hz), 4.76 ( lH , t, J = 3.1)，4.88 (2H, t, J : 1.7). 
1-Iodo -4-(tetrahydro-2-pyranyloxy)-2-butyne (71).4i To a solution of 69 
(0.81 g, 3.3 mmole) in acetone (5 mL) was added NaI (0.5 g，3.3 mmole). After 2 h at 
rt the solution was filtered through a short pad of silica gel. Concentration of the 
filtrate foUowed by flash chromatography (hexane-EtOAc, 5:1) gave the title compound 
71 as a colorless oil (0.72 g, 79 %); R/= 0.79 (n-hexane-ethyl acetate, 2:1); iR 5 
1.50-1.79 (6H, m)，3.49 ( lH, m), 3.70-3.84 (3H, m), 4.25 (2H, dt, J = 2.2，5.5 Hz), 
4.76 ( lH, t, J = 3.2 Hz). 
6-0-^m-Buty ld imethy ls i ly l -3-0- [4-( te t rahydro-2-pyranyIoxy)-2-
butynyl ] -5-deoxy- l ,2-0- isopropyl idene-3-C-methyl-a-D-al lofuranose 
(67). Sodium hydride (60%, 80 mg, 2.0 mmole) was washed with dry hexane and 
suspended in dry THF (5 mL) under nitrogen at 0 °C. A solution of the tertiary alcohol 
46 (100 mg, 0.29 mmole) in THF (5 mL) was added dropwise for 30 min at 0 °C and 
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the mixture was stirred for 1 h at 0 °C. 71 (100 mg, 0.34 mmole) in THF (2 mL) was 
added dropwise for 30 min at 0 °C followed by addition of a catalytic amount of 
nBu4NI. The mixture was stirred for 12 h at rt. Methanol (1 mL) was added slowly 
and was followed by addition of water (1 mL). Concentration of the solution give a 
residue which was diluted with DCM (10 mL) and the aqueous layer was extracted with 
DCM (2 X 10 mL). The combined organic extracts were washed with brine (5 mL), 
dried over anhydrous MgSO4, and filtered. Concentration of the filtrate followed by 
flash chromatography (hexane-diethyl ether, 5:1) afforded the title compound 67 as a 
colorless oil (0.11 g, 76 %); R/= 0.31 (hexane-diethyl ether, 5:1); [oc]f + 36 (c 1.0， 
CHCl3); IR (film) 2930，2856，2357, 1471’ 1383’ 1255, 1088,1022 cm-l; ^H (inter 
aila) 5 0.0193 (2.3H, s), 0.0391 (3.7H, s)，0.853 (3.6H, s), 0.865 (5.4H, s)，1.12 
(1.7H, s)，1.15 (L4H, s)，1.29 (1.2H, s), 1.31 (1.8H, s), 1.53 (1.4H, s), 1.54 (1.6 
H, s), 5.63 (0.4 H，d, J = 3.8 Hz), 5.68 (0.6H, d，J = 3.8 Hz); MS (FAB) m/z 
(relative intensity) 331 (M+-THPOCH2CHCHCH2, 25); HRMS calcd for 
C25H44O7SiNa+: 507.2748. Found: 507.2750. 
6-0- t -Buty ld imethy ls i ly l -3-0-propary l -5-deoxy- l ,2 -0- isopropy l idene-3-
C-methyl-a-D-allofuranose (73). Sodium hydride (60%, 320 mg, 8.0 mmole) 
was washed with dry hexane and suspended in dry THF (10 mL) under nitrogen at 0 
°C. A solution of the tertiary alcohol 72 (0.92 g, 3.2 mmole) in THF (10 mL) was 
added dropwise for 30 min at 0 °C and the mixture was stirred for 1 h at 0 °C. 
Propargyl bromide (0.85 mL, 9.5 mmole) was added dropwise for 30 min at 0 °C 
foUowed by addition of a catalytic amount of ^Bu4NI. The mixture was stirred for 12 
h at rt. Methanol (1 mL) was added slowly and was followed by addition of water (1 
mL). Concentration of the solution give a residue which was diluted with DCM (10 
mL) and the aqueous layer was extracted with DCM (2 x 10 mL). The combined 
organic extracts were washed with brine (5 mL), dried over anhydrous MgSO4, and 
filtered. Concentration of the filtrate foUowed by flash chromatography (hexane-
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diethyl ether, 5:1) afforded the title compound 73 as a colorless oil (0.88 g，86%); R/ 
:0 .29 (hexane-diethyl ether, 3:1); [ a ] f + 56 (c 1.3，CHCl3); IR (film) 3311, 2955, 
2857，2240, 1462, 1383，1308，1255, 1090 cm_l; ^H 5 0.10 (6H, s), 0.87 (9H, s)， 
1.19 (3H, s), 1.31 (3H, s)，1.55 (3H, s)，1.61-1.81 (2H, m)，2.41 ( lH , t, J = 2.5)， 
3.66-3.80 (2H, m)，4.07 ( lh, dd, J = 3.2，9.7 Hz), 4.25 ( lH, d，/= 3.9 Hz), 4.26 
(2H, d, J = 3.9 Hz), 5.66 ( lH, d，J = 3.8 Hz ); l ^ c 5 NMR -5.37, 16.14，18.29， 
25.92, 26.45, 26.64, 31.70，52.88, 60.51, 73.85，77.06，80.74，82.75, 103.79， 
112.59; MS (FAB) m/z (relative intensity) 355 (M+-Me, 4); HRMS calcd for 
C19H35O5Si+: 371.2248. Found: 371.2249. 
6-0 - r^r^-buty ld imethy ls i ly l -3 -0- [e thy l -2 -but inoat ] - l , 2 -6>-
isopropyl idene-3-C-methyl -a -D -a l lofuranose (74). To a solution of 73 (82 
mg, 0.22 mmole) in THF at -95 °C under nitrogen was added ^BuLi (2.5 M in hexane 
solution, 0.22 mL, 0.55 mmole) and the mixture was stirred for 1 h at -95。C followed 
by the addition of ethyl chloroformate (64 [iL, 0.67 mmole). The mixture was warm 
up to rt and stirred for 12 h. Methanol (1 mL) was added slowly and was followed by 
addition of water (1 mL). Concentration of the solution gave a residue which was 
diluted with DCM (10 mL) and the aqueous layer was extracted with DCM (2 x 10 
mL). The combined organic extracts were washed with brine (5 mL), dried over 
anhydrous MgSO4, and filtered. Concentration of the filtrate followed by flash 
chromatography (hexane-diethyl ether, 5:1) afforded the title compound 74 as a 
colorless oil (89 mg, 92%); R/= 0.31 (hexane-diethyl ether, 1:1); [ a ] f + 47 (c 2.0, 
CHCl3); IR (film) 2955, 2857, 2245, 1714，1471，1254，1090 cm_l; lR 5 0.04 (3H, 
s), 0.89 (9H, s), 1.20 (3H, s), 1.31 (3H, t, J = 7.1 Hz), 1.32 (3H, s), 1.56 (3H, s), 
1.64-1.79 (2H, m), 3.64-3.80 (2H, m), 4.08 ( lH, dd, 7=3.2, 9.4 Hz), 4.24 (2H, q, 
J = 7.1 Hz), 4.28 ( lH, d，J = 3.7 Hz), 4.39 (2H, d, J = 4.3 Hz), 5.68 ( lH, d，J = 3.8 
Hz); l3c 5 N M R -5.40，13.93，16.06, 18.27，25.89, 26.41，26.58，31.58，52.66, 
60.31，62.00，77.00，82.54, 82.94，83.33，84.10，103.78, 112.63; MS (EI) m/z 
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(relative intensity) 443 (M+H，2); Anal. Calcd for C22H38O7Si: C, 59.70; H, 8.65. 
Found: C, 59.39; H, 8.65. 
3-0-Proparyl -5-deoxy-l ,2-0- isopropyl idene-3-C -methyl -a-D-
allofuranose (76). To a solution of 73 (153 mg, 0.42 mmole) in THF was added 
tetrabutylammonium fluoride (0.62 mL, 0.62 mmole) at rt. The mixture was stirred at 
rt for 1 h. Concentration of the solvent followed by flash chromatography (hexane-
diethyl ether, 1:2) afforded the title compound 76 as a colorless syrup (105 mg, 97%); 
R/= 0.14 (hexane-diethyl ether, 1:1); [oc]^。+ 82 (c 1.6’ CHCl3); IR (film) 3279， 
2984, 2120, 1454, 1384’ 1213, 1087 cm_l; ^HS 1.24 (3H, s), 1.32 (3H, s), 1.57 
(3H, s), 1.77-1.84 (2H, m), 2.26 ( lH, brs), 2.45 ( lH, t, J = 2.4 Hz), 3.77 (2H, t，J 
=5.64 Hz), 4.10 ( lH, dd, J = 6.0，6.7 Hz), 4.19-4.36 (4H, m), 5.69 ( lH, d, J = 
3.75 Hz); 13c 5 NMR 15.81，26.20，26.42，30.77，52.82, 60.31，74.29，79.52， 
80.03，82.09，82.79, 103.63，112.59; MS (FAB) m/z (relative intensity) 257 (M+H, 
32); Anal. Calcd for C30H20O5： C, 60.92; H，7.87. Found: C, 61.06; H, 7.96. 
5-Deoxy- l ,2 -0- isopropy l idene -3 -0-Propary l -6-0 - tosy loxymethy l -3-C-
methyl-a-D-allofuranose (77). To a solution of 76 (0.24 g, 0.93 mmole) in 
DCM (2 mL) were added DMAP (0.56 g, 4.6 mmole) and TsCl (0.27 g, 1.4 mmol) to 
stir for 1 h at rt. The solution was then filtered through a short pad of silica gel. 
Concentration of the filtrate followed by flash chromatography (hexane-diethyl ethyl, 
3:1) gave the title compound 77 as a colorless syrup (0.35 g，93%); R/= 0.51 (hexane-
diethyl ether, 2:1); [a]^ + 28 {c 0.4，CHCl3); IR (film) 2976，2923，2240’ 1597, 
1459, 1365, 1176, 1096 cm-l; !H 5 1.14 (3H, s), 1.21 (3H, s), 1.51 (3H, s), 1.74-
1.93 (2H, m), 2.43 (3H, s), 3.94 ( lH, dd,7=3.3, 9.8 Hz), 4.05-4.17 (2H, m), 4.20 
(2H, dd, J = 2.4，5.7 Hz), 4.25 ( lH, d，J = 3.7 Hz), 5.62 ( lH, d，J = 3.7 Hz), 7.32 
(2H, d, J = 8.0 Hz), 7.77 (2H, d，J = 8.2 Hz); l ^c 5 NMR 15.40，21.25, 26.04, 
26.31, 27.73’ 52.59, 67.64，74.00’ 76.34, 80.14，81.90, 82.36，103.51, 112.40, 
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127.54, 129.57, 132.50, 144.43; MS (EI) mh (relative intensity) 395 (M+-Me, 13); 
HRMS calcd for C20H27O7S+: 411.1472. Found: 411.1470. 
5-Deoxy-3-0-Ethyl-2'-butinoat-l,2-0-isopropylidene-6-0-
t o s y l o x y m e t h y l - 3 - C - m e t h y l -a - D - a l l o f u r a n o s e (78). To a solution of 76 
(0.25 g, 0.62 mmole) in THF under nitrogen at -95 °C was added ^BuLi (2.5 M in 
hexane solution, 0.37 mL, 0.93 mmole) and the mixture was stirred for 1 h at -95 °C 
followed by the addition of ethyl chloroformate (0.09 mL, 0.93 mmole). The mixture 
was warmed up to rt and stirred for 12 h. Methanol (2 mL) was added slowly and 
followed by addition of water (2 mL). Concentration of the solution gave a residue 
which was diluted with DCM (15 mL) and the aqueous layer was extracted with DCM 
(2 X 15 mL). The combined organic extracts were washed with brine (5 mL), dried 
over anhydrous MgSO4, and filtered. Concentration of the filtrate followed by flash 
chromatography (hexane-diethyl ether, 3:1) afforded the title compound 78 as a 
colorless oil (0.27 g, 90%); R/= 0.35 (hexane-diethyl ethyl, 1:1); [ a ] f + 28 (c 0.47， 
CHCl3); IR (film) 2985, 2242, 1713，1598, 1454, 1360，1254, 1176, 1095 cm_l; iR 
5 1.15 (3H, s), 1.30 (3H, s), 1.30 (3H, t, J = 7.1 Hz), 1.52 (3H, s), 1.73-1.93 (2H, 
m)，2.43 (3H, s), 3.94 ( lH, d d , / = 3.35, 6.54 Hz), 4.02-4.17 (2H, m), 4.23 (2H, q, 
J = 7.1 Hz), 4.27 ( lH, d，J = 3.7 Hz), 4.34 (2H, d, J = 5.7 Hz), 5.63 ( lH, d，J = 3.7 
Hz), 7.33 (2H, d, J = 8.1 Hz), 7.78 (2H, d, J = 8.1 Hz), 1¾ 5 NMR 13.91，15.72, 
21.53，26.31, 26.54, 27.98’ 52.66，62.05’ 67.74，76.56，77.62，82.16’ 82.86, 
83.64，103.77’ 112.86，127.85, 129.79，132.78’ 144.65, 153.00; MS (FAB) m/z 
(relative intensity) 483 (M+-Me, 35); Anal. Calcd for C23H30O9S: C, 57.25; H, 6.27; 
S, 6.64. Found: C, 56.98; H, 6.23; S, 6.93. 
5-Deoxy-3-0-(EthyI-2-but inoat)- l ,2 -0 - isopropyl idene-6- iodo-3 -C-
methyl-a-D-aIlofuranose (79). To a solution of 78 (0.26 g, 0.55 mmole) in 
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acetone (3 mL) was added L i I (0.15 mg, 1.1 mmole) and the resulting mixture stirred 
for 12 h at 50 "C. The mixture was then filtered through a short pad of silica gel. 
Concentration of the filtrate followed by flash chromatography (hexane-diethyl ether, 
5:1) gave the title compound 79 as a colorless oil (0.18 g，74%); R/二 0.57 (hexane-
diethyl ethyl, 1:1); [ a ] f + 69 (c 0.4, CHCI3)； IR (film) 2983, 2915，2241，1713, 
1454, 1383，1253, 872, 751 cm_l; !H 5 1.20 (3H, s), 1.31 (3H, t，J = 7.0 Hz), 1.33 
(3H, s), 1.58 (3H, s), 1.91-2.10 (2H, m), 3.13-3.36 (2H, m), 4.02 ( lH, dd, J = 3.2, 
9.35 Hz), 4.24 (2H, q，J = 7.0 Hz), 4.30 ( lH, d，J = 3.6 Hz), 4.34 ( lH, d，J = 16.3 
Hz), 4.44 ( lH, d，J = 16.5 Hz), 5.67 ( lH, d，J = 3.7 Hz), 13C 5 NMR (300 MHz) 
1.46，13.97，16.16，26.50, 26.74, 32.90，52.78，62.11，77.67，80.47, 82.54，82.89， 
83.82，103.70，113.08，153.09; MS (FAB) mh (relative intensity) 423 (M+-Me, 100); 
HRMS calcd for Ci6H23O6lNa+: 461.0431. Found: 461.0444. 
5,6-Deoxy-3-0-(Ethy l -2-but inoat) - l ,2-0- isopropyl idene-3-C-methyI -a-
D-allofuranose (80). A solution (1 mL) of n-Bu3SnH (91 \iL, 0.28 mmol) and 
Af f iN (5 mg, 0.03 mmol) in benzene was added to a refluxing benzene solution (5 mL) 
of 79 (75 mg, 0.17 mmol) over 3 h. Upon completion of the reaction, the solvent was 
removed in vacuo and the residue was purified by flash chromatography (DCM-diethyl 
ether, 12:1) gave the title compound 80 as a colorless oil (35 mg, 65%); R/= 0.65 
(DCM-diethyl ethyl, 10:1); [ a ] f + 43 (c 0.2, CHCl3); IR (film) 2966, 2925，2241, 
1712，1459, 1377，1253, 1087, 871 cm_l; !H 5 1.02 (3H, t, J = 7.5 Hz), 1.12 (3H, 
s), 1.19-1.37 (6H, m), 1.57 (5H, brs), 3.90 ( lH, dd, J = 3.9 Hz), 4.24 (2H, q, J = 
6.9 Hz), 4.28 ( lH, d, J = 3.9 Hz), 4.34 ( lH, d，J = 16.2 Hz), 4.44 ( lH, d, J = 16.5 
Hz), 5.69 ( lH, d , / = 3.6 Hz), l ^c 5 NMR (300 MHz) 10.92, 14.01，15.90，21.40， 
26.48，26.70，52.70, 62.10, 80.85，82.05，82.79，83.22’ 84.16, 103.68, 112.67, 
158.87; MS (FAB) m/z (relative intensity) 312 (M+H, 49); HRMS calcd for 
Ci6H24O6lNa+: 335.1465. Found: 335.1461. 
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5-Deoxy- l ,2 -0- isopropy l idene-3-0-Propary l -6-deoxy-6-5-pheny l -3-C-
methyl-a-D-allofuranose (81). Sodium hydride (60%, 130 mg, 3.3 mmole) was 
washed with dry hexane and suspended in dry DMF (10 mL) under nitrogen at 0 °C. A 
solution of the thiophenol (0.24 mL, 2.38 mmole) in DMF (5 mL) was added 
dropwise for 30 min at 0 °C and the mixture was stirred for 15 min at 0 °C. A solution 
of tosylate 77 (0.65 g，1.58 mmole) in DMF (5 mL) was added dropwise at 0 °C. The 
mixture was stirred for 15 min at rt. Methanol (1 mL) was added slowly and was 
followed by addition of water (20 mL). The reaction was diluted with EtOAc. The 
aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic extracts 
was washed with brine (20 mL), dried over anhydrous MgSO4, and filtered. 
Concentration of the filtrate followed by flash chromatography (hexane-diethyl ether, 
3:1) gave the title compound 81 as a colorless oil (0.49 g, 91%); R/= 0.65 (hexane-
diethyl ether, 1:1); [oc]f + 57 (c 5.4，CHCl3); IR (film) 3284, 2983, 2934，2357, 
1581, 1479，1443，1378，1216，1169,1093 cm_l; lR 5 1.17 (3H, s), 1.33 (3H, s), 
1.59 (3H, s)，1.79-1.86 (2H, m), 2.42 ( lH, t, J = 2.4 Hz), 2.96-3.02 ( lH, m), 3.08-
3.13 ( lH, m)，4.10 ( lH, dd,7=3.3, 9.2 Hz), 4.21 ( lH, dd, J = 2.4, 15.5 Hz), 4.28 
( lH, d , / = 3.9 Hz), 4.29 ( lH, d d , / = 2.4, 15.5 Hz), 5.68 ( lH, d , 7 = 3 . 6 Hz), 7.14 
( lH, m)，7.24-7.36 (4H,m); l ^c 5 NMR 15.86，26.38，26.65，28.47，30.28, 52.83， 
74.01，79.41, 80.49’ 82.60，82.77, 103.64, 112.69，125.69, 128.76，128.92, 
136.24; MS (FAB) m/z (relative intensity) 348 (M+，8); Anal. Calcd for C19H24O4S: 
C,65.49; H, 6.94; S, 9.20. Found: C, 65.16; H, 6.73; S, 9.16. 
5-Deoxy-3-0-Ethy l -2 ' -but inoat- l ,2-0- isopropyl idene-6-deoxy-6-S-
phenyl-3-C-methyI-a-D-aIlofuranose (82). To a solution of 81 (0.36 g, 1.03 
mmole) in THF under nitrogen at -95 °C was added ^BuLi (2.5 M in hexane solution, 
0.82 mL, 2.05 mmole) and the mixture was stirred for 1 h at -95 °C followed by the 
addition of ethyl chloroformate (0.29 mL, 3.08 mmole). The mixture was warmed up 
to rt and stirred for 12 h. Methanol (2 mL) was added slowly and followed by addition 
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of water (2 mL). Concentration of the solution gave a residue which was diluted with 
DCM (15 mL) and the aqueous layer was extracted with DCM (2 x 15 mL). The 
combined organic extracts were washed with brine (5 mL), dried over anhydrous 
MgSO4, and filtered. Concentration of the filtrate followed by flash chromatography 
(hexane-diethyl ether, 3:1) afforded the title compound 82 as a colorless oil (0.27 g, 
90%); R/ = 0.38 (hexane-diethyl ethyl, 1:1); [oc]f + 62 (c 1.8，CHCl3); IR (film) 
3058,2983, 2241, 1710，1581, 1441，1377，1253, 1169，1089 cm_l; l H S l . l 6 (3H, 
s), 1.31 (3H, t, J = 6.9 Hz), 1.33 (3H, s), 1.58 (3H, s), 1.70-1.85 (2H, m), 2.91-
3.01 ( lH , m), 3.07-3.17 ( lH, m), 4.10 ( lH, dd, /=3.9，8.85 Hz)，4.24 (2H, q ,7 = 
6.3 Hz), 4.29 ( lH, d，J = 3.6 Hz), 4.33 ( lH, d，J = 16.2 Hz), 4.41 ( lH, d, J = 16.5 
Hz), 5.68 ( lH, d, J = 3.9 Hz), 7.14-7.19 ( lH, m), 7.27-7.36 (2H, m), l ^ c 5 NMR 
13.93, 15.88, 26.40，26.65, 28.37, 30.33，52.67, 62.03, 77.58, 79.29’ 82.55, 
83.06，83.86，103.71，112.84, 125.80, 128.82, 129.08, 136.17，153.07; MS (FAB) 
m/z (relative intensity) 483 (M+H, 5); Anal. Calcd for C22H28O6S: C，62.84; H，6.71; 
S, 7.62. Found: C, 62.71; H, 6.65; S, 7.32. 
5-Deoxy-3-0-Ethyl-2'-butinoat-l,2-0-isopropylidene-6-deoxy-6-phenyl 
sulfonyl-3-C-methyl-a-D-allofuranose (83). To a stirred solution of 82 (0.32 
g，0.75 mmole) in DCM (8 mL) was added Oxone™ (2.15 mg, 3.5 mmole). The 
solution was stirred for 2 days then filtered through a short pad of silica gel. 
Concentration of the filtrate followed by flash chromatography (hexane-diethyl ether, 
1:2) gave the title compound 83 as a colorless oil (0.32 g，93%); Rf= 0.30 (hexane-
diethyl ethyl, 1:2); [a]^' + 17 (c 0.8, CHCl3); IR (film) 2983,2927, 2241, 1710， 
1449, 1380, 1306，1255, 1146，1086，1016 cm"l; lR 5 1.17 (3H, s), 1.30 (3H, s)， 
1.32 (3H, t, J = 7.2 Hz), 1.51 (3H, s), 1.90-2.05 (2H, m)，3.19-3.22 ( lH, m), 3.28-
3.31 ( lH, m)，3.91 ( lH, dd, J = 4.5，9.2 Hz), 4.25 (2H, q，J = 7.2 Hz), 4.29 ( lH, d, 
J = 3.6 Hz), 4.32 ( lH, d，J = 16.5 Hz), 4.40 ( lH, d, J = 16.5 Hz), 5.64 ( lH, d, J = 
3.9 Hz), 7.28-7.69 (2H, m), 7.90-7.93 ( lH, m), l ^c 5 NMR 13.94’ 15.73, 21.65， 
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26.31，26.57, 52.74，53.29, 62.11, 77.75, 78.67，82.41, 83.05, 83.50, 103.67, 
112.97，127.99，129.30, 133.72, 138.932, 153.04; MS (FAB) mJz (relative intensity) 
475 (M+-Me, 35); HRMS calcd for C22H29O8S+: 453.1577. Found: 453.1568 . 
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